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1. 

GAP-CHANGE SENSING THROUGH 
CAPACITIVE TECHNIOUES 

FIELD OF TECHNOLOGY 

This disclosure relates generally to the technical fields of 
measuring devices and, in one embodiment, to gap-change 
sensing through capacitive techniques. 

BACKGROUND 

A load cell may be a device (e.g., a transducer) that con 
verts a force to a differential signal (e.g., a differential electric 
signal). The load cell may be used for a variety of industrial 
applications (e.g., a scale, a truck weigh station, a tension 
measuring system, a force measurement system, a load mea 
Surement system, etc.) The load cell may be created using a 
strain gauge. The Strain gauge can be used to measure defor 
mation (e.g., strain) of an object. The strain gauge may 
include a flexible backing which supports a metallic foil 
pattern etched onto the flexible backing. As the object is 
deformed, the metallic foil pattern is deformed, causing its 
electrical resistance to change. 
The strain gauge can be connected with other strain gauges 

to form a load cellina Wheatstone-bridge configuration (e.g., 
constructed from four strain gauges, one of which has an 
unknown value, one of which is variable, and two of which are 
fixed and equal, connected as the sides of a square). When an 
input voltage is applied to the load cell in the Wheatstone 
bridge configuration, an output may become a Voltage pro 
portional to the force on the load cell. The output may require 
amplification (e.g., 125x) by an amplifier before it can be read 
by a user (e.g., because the raw output of the Wheatstone 
bridge configuration may only be a few milli-Volts). In addi 
tion, the load cell in the Wheatstone-bridge configuration 
may consume a significant amount of power when in opera 
tion (e.g., in milli-watts of power). 

Manufacturing the load cell in the Wheatstone-bridge con 
figuration may involve a series of operations (e.g., precision 
machining, attaching strain gauges, match Strain gauges, 
environmental protection techniques, and/or temperature 
compensation in signal conditioning circuitry, etc.). These 
operations may add complexity that may deliver a yield rate 
of only 60%, and may allow aparticular design of the load cell 
to only operate for a limited range (e.g., between 10-5,000 
lbs.) of measurement. In addition, constraints of the Wheat 
stone-bridge configuration may permit only a limited number 
of form factors (e.g., an S-type form factor and/or a single 
point form factor, etc.) to achieve desired properties of the 
load cell. The complexity of various operations to manufac 
ture and use load cell may drive cots up (e.g., hundreds and 
thousands of dollars) for many industrial applications. 

SUMMARY 

A gap-change sensing through capacitive techniques is 
disclosed. In one aspect, an apparatus includes a first conduc 
tive Surface and a second conductive Surface Substantially 
parallel to the first conductive Surface, and a sensor to gener 
ate a measurement based on a change in a distance between 
the first conductive surface and the second conductive Sur 
face. The change in the distance may be caused by a deflection 
of the first conductive surface with respect to the second 
conductive surface, and the deflection may be a compressive 
force and/or an expansive force. The change in the distance 
may caused by a change in thickness of a spacer between the 
first conductive Surface and/or the second conductive surface. 
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2 
The sensor may apply an algorithm that converts a change 

in capacitance to a change in Voltage and/or a change in 
frequency to generate the measurement. The measurement 
may be of a force applied to a surface above the first conduc 
tive surface with respect to the second conductive surface. 
The change in the distance may be caused by a load applied to 
the surface above the first conductive surface and/or the sec 
ond conductive surface. The first conductive surface and the 
second conductive surface may form a sensor capacitor (e.g., 
a variable capacitor), and a change in capacitance of the 
sensor capacitor may be inversely proportional to the change 
in the distance between the first conductive surface and the 
second conductive surface. 
A reference capacitor associated with the apparatus may 

enable the sensor to adjust (e.g., compensate for) the mea 
Surement based on one or more environmental conditions 
(e.g., humidity in a gap between the first conductive surface 
and the second conductive Surface, a temperature of the appa 
ratus, and/or an air pressure of an environment Surrounding 
the apparatus, etc.). The first conductive Surface and/or the 
second conductive surface may be fabricated in any geomet 
ric shape, including a rectangular shape, an oval shape, and/or 
a shape having sides that are not all the same length. The first 
conductive Surface and the second conductive Surface may be 
painted on any number of nonconductive printed circuit 
boards forming the apparatus. 

In another aspect, an apparatus includes a reference capaci 
tor whose capacitance changes based on an environmental 
condition Surrounding the apparatus, a sensor capacitor 
whose capacitance changes based on a deflection of a plate 
forming the sensor capacitor and/or the environmental con 
dition, and a circuit to generate a measurement after removing 
an effect of the environmental condition from a capacitance of 
the sensor capacitor. A housing may be included that encom 
passes the reference capacitor, the sensor capacitor, and the 
circuit. 
The plate(s) experiencing the deflection may be integrated 

in the housing. The housing may be formed by metal plates 
that are each laseretched and/or bonded together to create the 
housing. The housing may be formed by a single metal block 
that may be milled to form the housing. The deflection of 
plate(s) forming the sensor capacitor may be caused by a load 
applied to the housing, and the measurement may be of a force 
(e.g., the force may be caused by a load) applied to the 
housing. A shielding spacer between the reference capacitor 
and a bottom of the housing may minimize an effect of a stray 
capacitance affecting the measurement and a height of the 
shielding spacer may at least ten times larger than a plate 
spacer between plates of the reference capacitor and between 
plates of the sensor capacitor. 
An area of each plate forming the reference capacitor may 

be at least ten times larger than an area of each plate forming 
the sensor capacitor to reduce the amount of amplification 
required in generating the measurement. The circuit may 
include a wireless transmitter and a wireless receiver and the 
apparatus may communicate through a network to a data 
processing system that analyzes data generated by various 
operations of the apparatus. 

In yet another aspect, a method includes automatically 
generating a measurement based on a change in a distance 
between a first conductive Surface and a second conductive 
Surface forming a variable capacitor and communicating the 
measurement to a data processing system associated with the 
variable capacitor. The change in the distance may be caused 
by a deflection of the first conductive surface (e.g., may be a 
compressive force and/or an expansive force) with respect to 
the second conductive Surface. The method may include 
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adjusting the measurement based on at least one environmen 
tal condition by analyzing data of a reference capacitor. The 
method may include fabricating the variable capacitor and the 
reference capacitor in any geometric shape. The method may 
include painting the first conductive surface and the second 
conductive Surface on nonconductive printed circuit boards. 
The method may be executed in a form of a machine-readable 
medium embodying a set of instructions that, when executed 
by a machine, cause the machine to performany of the opera 
tions disclosed herein. Other features will be apparent from 
the accompanying drawings and from the detailed description 
that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Example embodiments are illustrated by way of example 
and not limitation in the figures of the accompanying draw 
ings, in which like references indicate similar elements and in 
which: 

FIG. 1 is a three-dimensional view of a stacked device 
having a sensor capacitor and a reference capacitor, according 
to one embodiment. 

FIGS. 2A-2G are exploded views of the stacked device 
having the sensor capacitor and the reference capacitor of 
FIG. 1, according to one embodiment. 

FIG. 3 is a three-dimensional view of a boxed device hav 
ing a sensor capacitor and a reference capacitor, according to 
an exemplary embodiment. 

FIG. 4 is a three-dimensional view of a carved material that 
can be used to encompass the sensor capacitor and the refer 
ence capacitor in the boxed device of FIG.3, according to one 
embodiment. 

FIG. 5 is a three-dimensional view of multiple layers of a 
material that can be used to encompass the sensor capacitor 
and the reference capacitor in the boxed device of FIG. 3, 
according to one embodiment. 

FIG. 6 is a network enabled view of the device of FIG. 1, 
according to one embodiment. 

FIG. 7 is a process view of measuring a force 700, accord 
ing to one embodiment. 

FIG. 8 is a seat device having a sensor capacitor and a 
reference capacitor, according to one embodiment. 

FIG. 9 is a process flow of automatic generation of a mea 
Surement based on a change in a distance between a first 
conductive Surface and a second conductive surface forming 
a sensor capacitor, according to one embodiment. 

Other features of the present embodiments will be apparent 
from the accompanying drawings and from the detailed 
description that follows. 

DETAILED DESCRIPTION 

Gap-change sensing through capacitive techniques is dis 
closed. In the following description, for purposes of explana 
tion, numerous specific details are set forthin order to provide 
a thorough understanding of the various embodiments. It will 
be evident, however, to one skilled in the art that the various 
embodiments may be practiced without these specific details. 
An example embodiment provides methods and systems to 
automatically generate a measurement based on a change in a 
distance between a first conductive Surface and a second 
conductive surface forming a sensor capacitor. A reference 
capacitor may be used to adjust the measurement based on at 
least one environmental condition. 

In addition, in another embodiment, a method may include 
communicating the measurement to a data processing system 
associated with the sensor capacitor. Also, the method may be 
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4 
in a form of a machine-readable medium embodying a set of 
instructions that, when executed by a machine, cause the 
machine to perform any method disclosed herein. Example 
embodiments of a method and a system, as described below, 
may be used to provide a high-accuracy, low-cost, load sens 
ing devices (e.g., load sensors, pressure sensors, etc.). It will 
be appreciated that the various embodiments discussed herein 
may/may not be the same embodiment, and may be grouped 
into various other embodiments not explicitly disclosed 
herein. 

FIG. 1 is a three-dimensional view of a stacked device 150 
having a sensor capacitor (e.g., a sensor capacitor 808 as 
illustrated in FIG. 8) and a reference capacitor (e.g., a refer 
ence capacitor 806 as illustrated in FIG. 8), according to one 
embodiment. The stacked device 150 includes a top layer 
100, a printed circuitboard 102, a spacer 104, a printed circuit 
board 106, a spacer 108, a printed circuit board 110, a shield 
ing spacer 112 (e.g., the shielding spacer may be any type of 
spacer), and a bottom layer 114. A cable 116 (e.g., an interface 
cable) may connect the stacked device 150 to a data process 
ing system (e.g., the data processing system 602 as illustrated 
in FIG. 6). In addition, a force 118 (e.g., a load, a weight, a 
pressure, etc.) may be applied to the top layer 100 as illus 
trated in FIG. 1. The various components of the stacked 
device 150 are best understood with reference to FIG. 2A-2G. 

FIGS. 2A-2G are exploded views of the stacked device 150 
of FIG. 1. FIG. 2A illustrates the top layer 100 and the printed 
circuit board 102. The top layer 100 may be created from a 
material Such as aluminum, Steel, and/or a plastic, etc. The 
printed circuit board 102 includes a conductive surface 216. 
The conductive surface may be painted (e.g., Sputtered, 
coated, etc.) on the printed circuit board 102. The printed 
circuit board 102 may be coupled (e.g., screwed onto, 
bonded, etched, glued, affixed, etc.) to the top layer 100 as 
illustrated in FIG. 2A so that when the force 118 (e.g., as 
illustrated in FIG. 1) is applied to the top layer 100, the top 
layer 100, the printed circuit board 102, and the conductive 
Surface 216 may deflect (e.g., push inward into the stacked 
device 150 in reaction to the force 118). 
The deflection of the conductive surface 216 may cause a 

change in capacitance of a sensor capacitor (e.g., the sensor 
capacitor may formed by the conductive surface 216 and the 
conductive surface 220 separated by the spacer 104 as illus 
trated in FIG. 2A, FIG. 2B, and FIG. 2C). A change in dis 
tance may be caused by the deflection of the conductive 
surface 216 with respect to the conductive surface 220 and 
may be a compressive and/or an expansive force. In one 
embodiment, the conductive surface 216 and the conductive 
surface 220 are substantially parallel to each other and have 
the same physical area and/or thickness. A change in capaci 
tance of the sensor capacitor may be inversely proportional to 
the change in the distance between the conductive surface 216 
and the conductive surface 220 in one embodiment. 

FIG. 2B is a view of the spacer 104 of the stacked device 
150 of FIG. 1. The spacer 104 may be created from an insu 
lating material (e.g., a plastic, a polymer, a foam, etc.). The 
spacer 104 may create a gap between the conductive surface 
216 and the conductive surface 220. The gap can be filled with 
air or any other gas (e.g., an inertgas). In one embodiment, the 
spacer 104 is rigid and does not deflect when the force 118 
(e.g., as illustrated in FIG. 1) is applied to the top layer 100. In 
another embodiment, the spacer 104 expands and/or contracts 
when the force 118 is applied to the top layer 100 because a 
pressure of the spacer 104 increases and/or decreases when 
the force 118 is applied to the top layer 100. 

FIG. 2C is a view of the printed circuit board 106 (e.g., a 
non-conductive material). In the embodiment illustrated in 
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FIG. 2C, a conductive surface 220 is painted (e.g., coated, 
sputtered, etc.) on the printed circuit board 106 on one side. In 
addition, a conductive surface 220 may be painted on the 
other side of the printed circuitboard 106 as illustrated in FIG. 
2C. In alternate embodiments, the conductive surface 220 and 
the conductive surface 222 may be separate layers than the 
printed circuit board 106 (e.g., different layers above and/or 
below the printed circuit board 106). 

The conductive surface 222 as illustrated in FIG. 2C and 
the conductive surface 228 as illustrated in FIG. 2E may be 
separated by the spacer 108 as illustrated in FIG. 2D. The 
conductive surface 222 and the conductive surface 228 may 
form a reference capacitor (e.g., similar to the reference 
capacitor 806 of FIG. 8) according to one embodiment. Since 
the conductive surface 222 and the conductive surface 228 
may not alter positions with respect to each other when the 
force 118 is applied to the top layer 100, their capacitance 
may not change (e.g., capacitance is calculated as “capaci 
tance=(dielectric constant multiplied by area of overlap) 
divided by (distance between surfaces)') in response to the 
applied force 118. 
As such, the reference capacitor formed by the conductive 

surface 222 and the conductive surface 228 may experience a 
change in capacitance only for environmental factors (e.g., 
humidity in a gap between the first conductive Surface and the 
second conductive surface, a temperature of the stacked 
device 150, and an air pressure of an environment surround 
ing the stacked device 150, etc.). Therefore, the effect of these 
environmental conditions can be removed from a measure 
ment of a change in capacitance of the sensor capacitor (e.g. 
formed by the conductive surface 216 and the conductive 
surface 220) when the force 118 is applied to the stacked 
device 150 to more accurately determine a change in capaci 
tance of the sensor capacitor. 

The surface area of the conductive surface 222 and the 
conductive Surface 228 may beat least tentimes larger thanan 
area of each plate forming the sensor capacitor (e.g., the 
conductive surface 116 and the conductive surface 220) to 
reduce the amount of amplification required when generating 
a measurement of the force 118 applied to the top layer 100 
(e.g., using a processing module 224 as illustrated in FIG.2E) 
in one embodiment. The processing module 224 of FIG. 2E 
may include a connector 226 that connects the stacked device 
150 (e.g., as illustrated in FIG. 1) to the data processing 
system 602 (e.g., as illustrated in FIG. 6) through the cable 
116 (e.g., as illustrated in FIG. 1). The processing module 224 
may be used to generate a measurement (e.g., by following 
the operations illustrated in FIG. 7) based on a change in a 
distance between the conductive surface 216 of FIG. 2A and 
the conductive surface 220 of FIG. 2C. In addition, the pro 
cessing module 224 may generate a measurement of the sen 
Sor capacitor after removing an effect of the environmental 
condition from a capacitance of the sensor capacitor (e.g., by 
Subtracting the changes in the reference capacitor, which may 
be only affected by environmental conditions). 

The shielding spacer 112 as illustrated in FIG. 2F may 
separate the printed circuit board 110 from the bottom layer 
114 (e.g., to minimize an effect of a stray capacitance affect 
ing the measurement). In one embodiment, a height of the 
shielding spacer 112 may be at least tentimes larger than plate 
spacers (e.g., the spacer 104 and the spacer 108) between 
plates of the reference capacitor (e.g., the spacer 108) and 
between plates of the sensor capacitor (e.g., the spacer 104). 
A bottom plate 114 is illustrated in FIG.2G. The bottom plate 
114 may include an indentation 232 as illustrated in FIG. 2G. 
The indentation 232 may be located directly below the pro 
cessing module 224 to allow for the connector 226 to sit in the 
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6 
bottom layer 114. The bottom layer 114 may be made of the 
same material as the top layer 100 in one embodiment. A set 
of screws 230 as illustrated in FIG. 2G may physically con 
nect the various components illustrated in FIGS. 2A-2G to 
each other to form the stacked device 150 in one embodiment 
(e.g., in alternate embodiments the various components may 
be welded together, bound together, etc.). 

FIG. 3 is a three-dimensional view of a boxed device 350 
having a sensor capacitor (e.g., a sensor capacitor 808 as 
illustrated in FIG. 8) and a reference capacitor (e.g., a refer 
ence capacitor 806 as illustrated in FIG. 8), according to one 
embodiment. The boxed device 350 includes a top layer 300, 
a printed circuit board 302, a printed circuit board 306, a 
spacer 308, a printed circuit board 310, a shielding spacer 
312, and a bottom cup 314. The printed circuit board 306 is 
illustrated as having a conductive Surface 320 (e.g., similar to 
the conductive surface 220 as illustrated in FIG. 2C) painted 
on one side, and a conductive surface 322 painted on another 
side (e.g., similar to the conductive surface 222 as illustrated 
in FIG. 2C). A conductive surface 316 painted on the printed 
circuit board 312 and the conductive surface 320 painted on 
the printed circuit board 306 may form a sensor capacitor 
(e.g., the sensor capacitor 808 as described in FIG. 8). 

Unlike the stacked device 150 of FIG. 1, the boxed device 
350 of FIG. 3 does not have a spacer (e.g., the spacer 104) 
between the printed circuit board 302 and the printed circuit 
board 306 (e.g., this spacer is not required in FIG. 3 because 
the bottom cup 314 is higher than the top of the printed circuit 
board 306 so as to create a gap between the printed circuit 
board 302 and the printed circuit board 306 when a top (e.g., 
formed by the coupling of the top layer 300 and the printed 
circuit board 302) is placed on the bottom cup 314). It should 
be noted that the bottom cup 314, the top layer 300, and the 
printed circuit board 302 may have physical dimensions that 
are larger than the other components (e.g., the printed circuit 
board 306) forming the boxed device 350. In addition, the top 
layer 300 and the printed circuit board 302 may be integrated 
with one another (e.g., bonded, glued, screwed with each 
other, fastened, etc.). Other embodiments of the boxed device 
350 of FIG.3 may be the same as the embodiments described 
in FIG. 2A-2G. 

FIG. 4 is a three-dimensional view of a carved material that 
can be used to encompass (e.g., provide a housing to) the 
sensor capacitor (e.g., the sensor capacitor 808 as illustrated 
in FIG. 8) and the reference capacitor (e.g., the reference 
capacitor 806 as illustrated in FIG. 8) in the boxed device 350 
of FIG. 3, according to one embodiment. In FIG. 4, a single 
block (e.g., Steel) is used to form a bottom cup 414. In one 
embodiment, the bottom cup 414 in FIG. 4 replaces the bot 
tom layer 314 of FIG. 3, and encompasses the various struc 
tures (e.g., capacitive surfaces/plates, spacers, etc.) between 
the bottom layer 314 and the top plate 300 as illustrated in 
FIG. 3. The bottom cup 414 may be formed from a single 
piece of metal through any process (e.g., involving cutting, 
milling, etching, and/or drilling, etc.) that maintains the struc 
tural and/or tensile integrity of the bottom cup 414. This way, 
the bottom cup 414 may be able to withstand larger amounts 
of force (e.g., the force 118 of FIG. 1) by channeling the force 
downward through the walls of the bottom cup 414. 

FIG. 5 is a three-dimensional view of a multiple layers of a 
material that can be used to encompass the sensor capacitor 
and the reference capacitor in the boxed device 350 of FIG.3, 
according to one embodiment. Particularly, FIG. 5 illustrates 
a bottom cup 514 formed with multiple blocks of material 
according to one embodiment. A single thin Solid metal block 
may form a bottom layer 500 as illustrated in FIG. 5. In 
addition, other layers of the bottom cup 514 may be formed 
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from layers (e.g., the layers 502A-502N) each laser cut (e.g., 
laser etched) and/or patterned (e.g., to form the bottom cup 
514atacost lower than milling techniques in a single block as 
may be required in the bottom cup 414 of FIG. 4). For 
example, the layers 502A-502N may be a standard metal size 
and/or shape, thereby reducing the cost of fabricating the 
bottom cup 514. 

In one embodiment, the bottom cup 514 in FIG. 5 replaces 
the bottom layer 314 of FIG. 3, and encompasses the various 
structures (e.g., capacitive surfaces/plates, spacers, etc.) 
between the bottom layer 314 and the top plate 300 as illus 
trated in FIG. 3. Like the embodiment of FIG. 4, the bottom 
cup 514 of FIG.5 may be able to withstand larger amounts of 
force (e.g., the force 118 of FIG. 1) by channeling the force 
downward through the walls of the bottom cup 514. Further 
more, the bottom cup 514 may be less expensive to manufac 
ture than the bottom cup 414 as described in FIG. 4 because 
standard machining techniques may be used to manufacture 
the bottom cup 514. 

FIG. 6 is a network enabled view of the device 150 of FIG. 
1, according to one embodiment. The first embodiment, a 
device 150A, is connected to a data processing system 602 
through an interface cable (e.g., the cable 116 of FIG. 1 
and/or a cable 616 of FIG. 6). The second device 150B is 
wirelessly connected to the data processing system 602 
through a network 600. In one embodiment, the network 600 
is an Internet network. In another embodiment, the network 
600 is a local area network. A data processing system 606 may 
receive data (e.g., output data measuring force and/or load, 
etc.) from the device 150A and/or the device 150B through 
the network 600. In one embodiment, the data processing 
system 606 analyzes data (e.g., measurements) generated by 
various operation of the device (e.g., the stacked device 
150A). An access device 604 (e.g., a device that enables 
wireless communication between devices forming a wireless 
network) may provide wireless connectivity to the device 
150B. In one embodiment, the device 150B includes a trans 
mitter/receiver circuit 608 and/or a wireless interface control 
ler 610 for enabling the device 150B to wirelessly communi 
cate through the network 600. In one embodiment, the 
transmitter/receiver circuit 608 and/or the wireless interface 
controller 610 may be integrated into the processing module 
714. Of FIG. 7. 

FIG. 7 is a process view of measuring a force 700, accord 
ing to one embodiment. In FIG. 7, a force 700 may be applied 
to a sensor 702 (e.g., the top layer 102 having the conductive 
surface 106 of FIG. 1), according to one embodiment. An 
electronic circuitry (e.g., a Software and/or hardware code) 
may apply an algorithm to measure a change in a distance 704 
(e.g., a gap) between plates of the sensor capacitor (e.g., 
between the conductive surface 216 and the conductive 220 
forming the sensor capacitor as illustrated in FIG. 2A and 
FIG. 2C) when the force 118 of FIG. 1 is applied to a device 
(e.g., the stacked device 150 and/or the boxed device 350). In 
an alternate embodiment, a change in area between the plates 
may be considered rather than a change in the gap. 

Next, a change in capacitance 706 may be calculated based 
on the change in the gap between the plates forming the 
sensor capacitor (e.g., the top layer 102 having the conductive 
surface 106 of FIG. 1). The change in capacitance 706, a 
change in a voltage 708, and/or a change in a frequency 710 
may also be calculated to generate a measurement (e.g., an 
estimation of the force 700 applied to the sensor 702). The 
change in capacitance 706 data, the change in voltage 708 
data, and/or the change in frequency data 710 may be pro 
vided to a digitizer module 712 (e.g., an analog-to-digital 
converter). Finally, the digitizer module 712 may work with a 
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8 
processing module 714 (e.g., a microprocessor which may be 
integrated in the processing module 224) to convert the 
change in capacitance 706 data, the change in voltage 708 
data, and/or the change in frequency data 710 to a measure 
ment reading 716 (e.g., a measurement of the force 700 
applied to the sensor 702). 

FIG. 8 is a seat device 850 having the sensor capacitor 808 
(e.g., a variable capacitor) and the reference capacitor 806. 
according to one embodiment. The seat device 850 (e.g., a car 
seat device, an airplane seat device, etc.) includes a bolt to 
seat structure 800 and a bolt to mounting rail 802. An applied 
weight 820 (e.g., a person sitting on a seat in a car) may exert 
a force on a top cup 816 and on one plate of the sensor 
capacitor 808. An offset locating boss 818 may provide a 
junction point between the bolt to seat structure 800 and the 
top cup 816. The top cup 816 may be similar to the top plate 
100 in FIG. 1, and the sensor capacitor 808 may be formed by 
the conductive surface 216 and the conductive surface 220 as 
illustrated in FIG.2A and FIG. 2C. It should be noted that the 
various conductive surfaces forming the sensor capacitor 808 
and the reference capacitor 806 may be fabricated in any 
geometric shape, including a rectangular shape, an oval 
shape, and a shape having sides that are not all the same 
length. 
A set of mounting screws 814 may fasten electronic pack 

age 812 (having the processing module 224 as illustrated in 
FIG.2E) to a spacer 810 and to a bottom cup 804 as illustrated 
in FIG.8. The spacer 810 may be located between the refer 
ence capacitor 806 and the bottom cup 804, and in one 
embodiment may be ten times larger than a plate spacer 
between plates of the reference capacitor 806 and between 
plates of the sensor capacitor 808. 

FIG. 9 is a process flow of automatic generation of a mea 
Surement (e.g., using the processing module 224 as illustrated 
in FIG. 2E) based on a change in a distance between a first 
conductive surface (e.g., the conductive surface 216 of FIG. 
2A) and a second conductive Surface (e.g., the conductive 
surface 220 of FIG. 2C) forming a sensor capacitor (e.g., the 
sensor capacitor 808 of FIG. 8), according to one embodi 
ment. In operation 902, a first conductive surface (e.g., the 
conductive surface 216 of FIG. 2A) and second conductive 
surface (e.g., the conductive surface 220 of FIG. 2C) may be 
painted on non-conductive printed circuit boards (e.g., the 
printed circuit board 102 and the printed circuit board 106 
respectively). 

Then, in operation 904, a sensor capacitor (e.g., the sensor 
capacitor 808) and a reference capacitor (e.g., the reference 
capacitor 806) may be fabricated in any geometric shape 
(e.g., plates of the sensor capacitor and/or the reference 
capacitor are formed in a rectangular shape, a square shape, a 
circle shape, etc.). In operation 906, a measurement may be 
automatically generated based on a change in a distance 
between the first conductive surface and the second conduc 
tive Surface (e.g., the distance may change when the force 118 
of FIG. 1 is applied on the stacked device 150, the boxed 
device 350, and/or the seat device 850). In one embodiment, 
the change in the distance may becaused by a deflection of the 
first conductive surface (e.g., through compressive force and/ 
or an expansive force by a force 118 of FIG. 1). In alternate 
embodiments, the change in distance may be caused by a 
change in thickness in at least one spacer (e.g., the spacer 104 
of FIG. 2B) between the first conductive surface and the 
second conductive surface. 

In operation 908, an algorithm (e.g., an iterative algorithm) 
may be applied that converts a change in capacitance to a 
change in Voltage and/or a change in frequency to generate 
the measurement. In operation 910, the measurement may be 
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adjusted based on at least one environmental condition by 
analyzing data of the reference capacitor (e.g., the environ 
mental condition may be humidity, temperature, etc.). The 
measurement may be communicated to a data processing 
system (e.g., the data processing system 602 as illustrated in 
FIG. 6) associated (e.g., either through the cable 616 and/or 
through the network 600 of FIG. 6) with the sensor capacitor 
(e.g., the sensor device in the stacked device 150A) in opera 
tion 912. 

Although the present embodiments have been described 
with reference to specific example embodiments, it will be 
evident that various modifications and changes may be made 
to these embodiments without departing from the broader 
spirit and Scope of the various embodiments. For example, the 
processing module 224 of FIG. 2E, the transmitter/receiver 
circuit 608 of FIG. 6, the wireless interface controller 610 of 
FIG. 6, and/or the processing module 714 of FIG.7 described 
herein may be enabled and operated using hardware circuitry 
(e.g., CMOS based logic circuitry), firmware, software and/or 
any combination of hardware, firmware, and/or software 
(e.g., embodied in a machine readable medium). 

For example, the digital converter module 712 and/or the 
processing module 714 may be enabled using software and/or 
using transistors, logic gates, and electrical circuits (e.g., 
application specific integrated ASIC circuitry) Such as a digi 
tal converter circuit and/or a processing circuit. In addition, it 
will be appreciated that the various operations, processes, and 
methods disclosed herein may be embodied in a machine 
readable medium and/or a machine accessible medium com 
patible with a data processing system (e.g., a computer sys 
tem), and may be performed in any order (e.g., including 
using means for achieving the various operations). Accord 
ingly, the specification and drawings are to be regarded in an 
illustrative rather than a restrictive sense. 

What is claimed is: 
1. An apparatus, comprising: 
a first conductive Surface and a second conductive Surface 

substantially parallel to the first conductive surface; 
a sensor to generate a measurement based on a change in a 

distance between the first conductive surface and the 
second conductive surface; and 

a reference capacitor having a shielding spacer between the 
reference capacitor and a bottom of the apparatus to 
minimize an effect of a stray capacitance affecting the 
measurement to enable the sensor to adjust the measure 
ment based on at least one environmental condition. 

2. The apparatus of claim 1 wherein the change in the 
distance is caused by a deflection of the first conductive 
Surface with respect to the second conductive surface; and 
wherein the deflection is at least one of a compressive force 
and an expansive force. 

3. The apparatus of claim 1 wherein the change in the 
distance is caused by a change in thickness of at least one 
spacer between the first conductive surface and the second 
conductive surface. 

4. The apparatus of claim 1 wherein the sensor applies an 
algorithm that converts a change in capacitance to at least one 
of a change in Voltage and a change in frequency to generate 
the measurement. 

5. The apparatus of claim 4 wherein the measurement is of 
a force applied to a surface above the first conductive surface 
with respect to the second conductive surface. 

6. The apparatus of claim 5 wherein the change in the 
distance is caused by a load applied to the Surface above the 
first conductive surface with respect to the second conductive 
Surface. 
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7. The apparatus of claim 6 wherein the first conductive 

Surface and the second conductive Surface form a sensor 
capacitor, and wherein a change in capacitance of the sensor 
capacitor is inversely proportional to the change in the dis 
tance between the first conductive surface and the second 
conductive surface. 

8. The apparatus of claim 1 wherein the at least one envi 
ronmental condition is humidity in a gap between the first 
conductive surface and the second conductive surface, a tem 
perature of the apparatus, and an air pressure of an environ 
ment Surrounding the apparatus, and wherein a height of the 
shielding spacer is at least ten times larger than a plate spacer 
between plates of the reference capacitor and between plates 
of the sensor capacitor. 

9. The apparatus of claim 1 wherein the first conductive 
Surface and the second conductive Surface are fabricated in a 
geometric shape, comprising at least one of a rectangular 
shape, an oval shape, and a shape having sides that are not all 
the same length. 

10. An apparatus of claim 1 wherein the first conductive 
Surface and the second conductive surface are painted on a 
plurality of nonconductive printed circuit boards forming the 
apparatus. 

11. An apparatus, comprising: 
a reference capacitor whose capacitance changes based on 

an environmental condition Surrounding the apparatus; 
a sensor capacitor whose capacitance changes based on a 

deflection of at least one plate forming the sensor capaci 
tor and the environmental condition; 

a circuit to generate a measurement after removing an 
effect of the environmental condition from a capacitance 
of the sensor capacitor; and 

a housing that encompasses the reference capacitor, the 
sensor capacitor, and the circuit, and wherein the at least 
one plate experiencing the deflection is integrated in the 
housing, wherein the housing is formed by a plurality of 
metal plates that are each laser etched and bonded 
together to create the housing. 

12. The apparatus of claim 11 wherein the housing is 
formed by a single metal block that is milled to form the 
housing. 

13. The apparatus of claim 11 wherein the deflection of the 
at least one plate forming the sensor capacitor is caused by a 
load applied to the housing; and wherein the measurement is 
of a force applied to the housing. 

14. The apparatus of claim 13 further comprising a shield 
ing spacer between the reference capacitor and a bottom of 
the housing to minimize an effect of a stray capacitance 
affecting the measurement, wherein a height of the shielding 
spacer is at least ten times larger than a plate spacer between 
plates of the reference capacitor and between plates of the 
sensor capacitor. 

15. The apparatus of claim 11 wherein an area of each plate 
forming the reference capacitoris at least tentimes larger than 
an area of each plate forming the sensor capacitor to reduce 
the amount of amplification required in generating the mea 
Surement. 

16. The apparatus of claim 11 wherein the circuit includes 
a wireless transmitter and a wireless receiver and wherein the 
apparatus communicates through a network with a data pro 
cessing system that analyzes data generated by various opera 
tion of the apparatus. 

17. A method, comprising: 
automatically generating a measurement based on a 

change in a distance between a first conductive surface 
and a second conductive Surface forming a variable 
capacitor; 



US 7,451,659 B2 
11 

communicating the measurement to a data processing sys 
tem associated with the variable capacitor; and 

adjusting the measurement based on at least one environ 
mental condition by analyzing data of a reference 
capacitor having a shielding spacer between the refer 
ence capacitor and a bottom of a housing to minimize an 
effect of a stray capacitance affecting the measurement. 

18. The method of claim 17 wherein the change in the 
distance is caused by a deflection of the first conductive 
Surface with respect to the second conductive surface, 
wherein the deflection is at least one of a compressive force 
and an expansive force, and, wherein a height of the shielding 
spacer is larger than a plate spacer between plates of the 
reference capacitor and between plates of the variable capaci 
tOr. 

19. The method of claim 17 wherein the change in the 
distance is caused by a change in thickness of at least one 
spacer between the first conductive surface and the second 
conductive surface. 

20. The method of claim 17 further comprising applying an 
algorithm that converts a change in capacitance to at least one 
of a change in Voltage and a change in frequency to generate 
the measurement, and wherein the measurement is of a force 
applied to a surface above the first conductive surface with 
respect to the second conductive surface. 

21. The method of claim 20 wherein the change in the 
distance is caused by a load applied to the Surface above the 
first conductive surface with respect to the second conductive 
Surface. 

22. The method of claim 21 wherein a change in capaci 
tance of the variable capacitor is inversely proportional to the 
change in the distance between the first conductive Surface 
and the second conductive Surface. 

23. The method of claim 17 wherein the at least one envi 
ronmental condition is humidity in a gap between the first 
conductive surface and the second conductive surface, a tem 
perature of the variable capacitor, and an air pressure of an 
environment Surrounding the variable capacitor. 

24. The method of claim 23 further comprising fabricating 
the variable capacitor and the reference capacitor in a geo 
metric shape, comprising at least one of a rectangular shape, 
an oval shape, and a shape having sides that are not all the 
same length. 

25. An method of claim 17 further comprising painting the 
first conductive Surface and the second conductive surface on 
a plurality of nonconductive printed circuit boards. 

26. A method of claim 17 in a form of a machine-readable 
medium embodying a set of instructions that, when executed 
by a machine, cause the machine to perform a method com 
prising 
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automatically generating a measurement based on a 

change in a distance between a first conductive surface 
and a second conductive Surface forming a variable 
capacitor; 

communicating the measurement to a data processing sys 
tem associated with the variable capacitor, and 

adjusting the measurement based on at least one environ 
mental condition by analyzing data of a reference 
capacitor having a shielding spacer between the refer 
ence capacitor and a bottom of a housing to minimize an 
effect of a stray capacitance affecting the measurement. 

27. An apparatus, comprising: 
a reference capacitor whose capacitance changes based on 

an environmental condition Surrounding the apparatus; 
a sensor capacitor whose capacitance changes based on a 

deflection of at least one plate forming the sensor capaci 
tor and the environmental condition; 

a circuit to generate a measurement after removing an 
effect of the environmental condition from a capacitance 
of the sensor capacitor, and 

a shielding spacer between the reference capacitor and a 
bottom of the housing to minimize an effect of a stray 
capacitance affecting the measurement, wherein a 
height of the shielding spacer is at least ten times larger 
than a plate spacer between plates of the reference 
capacitor and between plates of the sensor capacitor. 

28. The apparatus of claim 27 further comprising a housing 
that encompasses the reference capacitor, the sensor capaci 
tor, and the circuit, and wherein the at least one plate experi 
encing the deflection is integrated in the housing. 

29. The apparatus of claim 28 wherein the housing is 
formed by a plurality of metal plates that are each laser etched 
and bonded together to create the housing. 

30. The apparatus of claim 28 wherein the housing is 
formed by a single metal block that is milled to form the 
housing. 

31. The apparatus of claim 28 wherein the deflection of the 
at least one plate forming the sensor capacitor is caused by a 
load applied to the housing; and wherein the measurement is 
of a force applied to the housing. 

32. The apparatus of claim 28 wherein an area of each plate 
forming the reference capacitoris at least tentimes larger than 
an area of each plate forming the sensor capacitor to reduce 
the amount of amplification required in generating the mea 
Surement. 

33. The apparatus of claim 28 wherein the circuit includes 
a wireless transmitter and a wireless receiver and wherein the 
apparatus communicates through a network with a data pro 
cessing system that analyzes data generated by various opera 
tion of the apparatus. 


